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(54) Title: DEVICE AND METHOD FOR MULTIPLE ANALYTE DETECTION 
(57) Abstract 

The invention is directed to a method and device for 
simultaneously testing a sample for the presence, absence 
and/or amounts of one or more a plurality of selected analytes* 
The invention includes, in one aspect, a device for detecting 
or quamitating a plurality of different analytes in a liquid 
sample. The device includes a substrate which defines a sample- 
distnbutfon network having (i) a sample inlet, («j one or more 
detecuon chambers, and (iii) channel means providing a dead- 
end fluid connection between each of the chambers and the 
inlet. Each chamber may include an anaiyte-specific reagent 
effective to react with a selected analyte that may be present in 
the sample, and detection means for detecting the signal. Also 
disclosed are methods utilizing the device. 
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DEVICE AND METHOD FOR MULTIPLE ANALYTE DETECTION 

Field of (he Invention 

The present invention relates to devices and methods for detecting or quantifying one or more 
selected analytes in a sample. 
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inlet. Preferably, each chamber includes an analyte-speciflc reagent effective to react with a 
selected analyte that may be present in the sample, and detection means for detecting the signal. 

In one embodiment, the detection means for each chamber includes an optically transparent 
wmdow through which the signal can be detected optically. !n another embodiment, the detection 
5 means includes a non-optical sensor for detecting the signal. 

THe channel means of the device may be configured in numerous ways. For example, in one 
embodtment. the channel means includes a single channel to which the detection chambers are 
connected by dead-end fluid connections. In a second embodiment, the channel ^u,^ 
at least two different channels, each connected to a different group of detection chambers In yet 
10 another embodiment, the channel means includes an individual chant*! for each detection chamber 
Thedevicemay include a vacuum port for placing the detection chambers under vacuum prior 
to the addition of sample. In one embodiment, the vacuum port is connected to the channel means 
at a sue between, and in fluid communication with, the sample inlet and the detection chambers 
In another embodiment, the vacuum port is connected to the channel means at a site downstream 
15 of the detection chambers. In this configuration, the vacuum port is additionally useful for 
removing liquid from the channel means after the detection chambers have been filled to help 
.solate the detection chambers from one another and further reduce cross-contamination. 

The vacuum port may be incorporated in a multi-port valve (e.g., a 3-way valve) that permits 
the network and associated detection chambers to be exposed alternately to a vacuum source, the 
20 sample inlet, and a vent or selected gas source. 

Alternatively, the device of the invention is prepared and sealed under vacuum when 
manufactured, so that a vacuum port is unnecessary. 

According to an important feature of the invention, the device is capable of maintaining a 
vacuum within the sample-distiibution network Qow internal gas pressure, relative to the external 
25 ambient pressure outside the device) for a time sufficient to allow a sample to be drawn into the 
network and distributed to the detection chambers by vacuum action. For this purpose, the sample- 
d,stnbut.on network may include a vacuum reservoir in fluid communication with, and downstream 
of, the detection chambers, for preventing the build-up of back-pressure in the network while the 
detection chambers are successively filled. 
30 In one embodiment, the vacuum reservoir includes a non-flowthrough cavity connected 
- downstream of the last-filled detection chamber, for accumulating residual gas displaced from the 
.alet and channel means. In another embodiment, the reservoir comprises the terminal end of the 
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hi archer .pec, the invention , ncludes , M-MK| for deteclil , 6 „ 
*» ; w«n ttelMerl „ rofu , eoetwolkisp|Kedundervacuuiii a| «J~*- 

5 «erm, sample - *. detection chambers. * delivered ^ „ ^ „ ^ 

^ W " e0 ^ *""- * <™~ - - ~* The reaction clt" 

0, to determine fte _ md/M of ^ M|Kied ^ « 

10 Th.deviceofthe M. may also beprovid* aspartof.ki, which addition** 

**Th '^^d^ th^ 11 ^* Preparation materials if appropriate, and instructions for using the device^ 
de«ad«d descptton when read i„ ,ig„, „ im me accomDallyjng 0W,n « 

Brief Description of the Drawings 

15 Figs. 1A and IB show a plan view HA* anH narc. fl 

, ■ l»«iview( 'A) and perspective view (IB) of an exemplary asuv 

device in accordance with the invention; exemplary assay 

Figs. 2A-2C illustrate several exemplar, sample distribution network confiscations i„ 
accordance with the invention; """figurations m 

M H ^ 34 - 5Cil "' nK " i -»l-«>»««f0li. l ofthedetection chambers of a sample 
20 distiibutton network with fluid sample; P 

Fig. 4 illustrates a sample^ibuUon networking three sample delivery chants f„, 
d«l,v«n„g sample to three different see of detection dumber,- 

JZ'jzr a samp,e ~ n -~* ha ™ 6 a — — — - - 

M -,„ 6A< ° U " ,mt ' !SeleC,l!d ° f -""sample^toibntion network in accordance 

»,* me invent; „ e device is shown in plan .lew (6A) , perspec, e » (o B) , with a ,1^ 

of the samp,, distribution network of the device shown in Fig 6C- 

Fig. 7 Shows an expioded view of a por,*„ of , d,v,ce in accordance with the ^ 

30 invent IT " " ^" * — **• - — - with die 

Fig. 9 shows a perspective view of another device in accordance with the invention. 
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Inlet 38 may be adapted to form a vacuum-tight seal with the end of a syringe, for sample 
loading, or with a multi-port valve to provide fluid communication with the sample and one or more 
liquid or gaseous fluids. The inlet may further include a septum cap, if desired, for maintaining 
the network under vacuum and allowing introduction of sample by canula or needle. 
5 Vacuum port 40 may be adapted for connection to a vacuum source, such as a vacuum pump. 

The vacuum connection may include a valve for closing off the sample-distribution network from 
the vacuum source, or a multi-port valve for connection to a vacuum source and one or more 
selected gas supplies. 

Substrate 30 further provides indentations or holes 42, which may be arranged asymmetrically 
10 as illustrated in Fig. 1A, to engage corresponding pins or protrusions in a device-holder, not 
shown, to immobilize and orient the device for analysis. 

As noted in the Summary of the Invention, the sample-distribution network of the invention 
may utilize any of a number of different channel configurations, or channel means, for delivering 
sample to the individual detection chambers. With reference to Fig. 2A, distribution network 34a 
15 includes sample inlet 38a, a plurality of detection chambers 44a, and channel means comprising 
a single channel 46a to which the detection chambers are each connected by dead-end fluid 
connections 48a. He detection chambers are distributed on either side of channel 44a, with the 
fluid connections branching off in pairs from opposite sides of the channel. Fig. 2B shows a 
portion of an alternative network 34b having an inlet 38b and detection chambers 44B, wherein 
fluid connections 48b branch off from channel 46b in a staggered manner. 

The detection chambers in the device of the invention may be arranged to form a repeating 
2-dimensionai array which facilitates indexing and identification of the various chambers, as well 
as allowing rapid measurement of an optical signal produced by each chamber upon reaction with 
the sample, if optical detection is used. 

Figs. 2A-2B, for example, show networks in which the detection chambers are arranged in 
rows and columns along perpendicular axes, allowing the chambers to be identified by X and Y 
indices if desired. This type of array (a perpendicular array) also facilitates successive 
interrogations of the chambers in a chamber-by-chamber analysis mode. However, other 
arrangements may be used, such as a staggered or a close-packed hexagonal array. Fig. 2C, for 
example, shows pan of a network 34c having inlet 38c and an array of staggered detection 
chambers 44c. The detection chambers are connected to a common delivery channel 46c by fluid 
connections 48c. 

The device may also include identifying symbols adjacent the detection chamber to facilitate 
identification or confirmation of the analytes being detected. 
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detection reagents and detected all in the same chamber, without requiring movement of the sample 
from each chamber to another site. Moreover, since the sample and detection reagents can remain 
in the chamber for signal detection, the detection reagents need not be immobilized on or adhered 
to the inner surfaces of the detection chambers. 
5 The components of the sample-distribution network are designed to ensure that an adequate 

volume of samp.e will be delivered to the detection chambers to al.ow accurate analyte detection 
aad/or quantitation. In general, the percent-volume of a detection chamber that must be occupied 
by the sample will vary according to the requirements of the reagents and the detection system used 
Typ.caliy, the volume-percent will be greater than 75%, preferably greater than 90% and more 
io preferably greater than 95%. In assay formats in which the detection chambers are heated par- 
ucularly to temperatures of between about 60»C and about 95°C, the volume-percent filling of the 
chambers is preferably greater than 95%, and more preferably is at least 99%. 

The degree to which the detection chambers are filled with sample will generally depend upon 
(1) the initial ratio of the external (atmospheric) pressure to the initial pressure within the network 
15 (2) the individual and total volumes defined by the detection chambers, (3) the volume defined by 
the channel means, and (4) the nature of the network downstream of the last detection chamber. 

For example, in the case of a detection chamber which is nearest the sample inlet, and which 
wul be filled first, the percentage occupancy (volume-percent) of sample fluid in the chamber after 
sample loading (V..,) will be related to the externa, atmospheric pressure (P.J and the initial 
20 uuernal pressure within the network before sample loading (PJ by the expression- 



v ..» - (P«J/(P« + PJ 

Thus, if the initial pressure within the network (PJ is , 0 mm Hg, and the external pressure 
(P.J is 760 mm Hg, about 99% of the first detection chamber will be filled with sample fluid (V 
~ 99%), with the remaining volume (. 1.3%) being filled by residual gas (e.g., air) displaced" 

25 by the sample. (Tnis calculation assumes that, by the time the samp.e reaches the chamber the 
unemal network pressure has not increased appreciably due to displacement of gas upstream of 
the chamber.) Similarly, if P.. is 760 mm Hg and P„ is only 40 mm Hg, the volume-percent of 
the chamber that becomes occupied with sample will still be very high (about 95%) 

It will be appreciated that as the sample fluid reaches and fills successive detection chambers 

30 the residual gas displaced from the channel means win gradually accumulate in the remaining 
network volume, so that the internal pressure will gradually increase. The resultant increase in 
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Thesample^istribution network inFig. 4 further includes separate vacuum reservoirs 70a-70c 
which are connected to the termini of sample delivery channels 64a^4c, downstream of the 
detection chambers. The vacuum chambers are dimensioned to help maintain a low internal gas 
pressure during sample loading. 

5 In another embodiment, the channel means includes an individual channel for each detection 

chamber, as illustrated in Fig. 5. Network 80 includes an inlet 82, deteaion chambers 84 and 
associated with each detection chamber, a dead-end fluid connection 86, which may also be referred 
to as channel means, for delivering sample to each chamber. Each dead-end fluid connection is 
dimensioned to define a volume that is substantially less than the volume of the associated de,*^„ 
10 chamber,toe««uremateachdetectionchamberissufficientIyfilledwimsam P l e ^ This embodiment 
provides rapid filling of the detection chambers with minimal cross-contamination. 

The device of the invention may also include a vacuum port communicating with the sample- 
datnbution network, for applying a vacuum to the network before or during sample loading In 
one embodiment, the vacuum port is connected to the channel means at a site between, and in fluid 
communication with, the samp , e inlet and the detection chambers. An illustration of this can be 
found m Fig. 9. The vacuum port thus provides a convenient way to reduce the internal pressure 
within the network to a selected residual pressure prior to sample loading. In particular, when the 
sample is introduced into the network using a syringe barrel connected to the sample inlet the 
vacuum port can be used to remove air from the space between the syringe and the inlet, before 
20 the sample is admitted into the network. 

In another embodiment, the vacuum port is connected to the channel means at a site 
downstream of the sample inlet and detection chambers (e.g.. Fig. 6A). In this configuration the 
vacuum port may additionally be used to remove liquid from the channel means after the detection 
chambers have been filled, to help isolate the detection chambers from one another and further 
reduce cross-contamination. In this configuration, the vacuum port constitutes a part of the vacuum 
reservoir described above, where the reservoir includes a vacuum source linked to the terminal 
end of a sample delivery channel. The vacuum port may be kept open to the network during 
sample loading, to continuously remove residual gas from the network until all of the detection 
chambers have been filled. 

The vacuum port may include a multi-port valve (e.g., 3-way valve) that permits the network 
and associated detection chambers to be exposed alternately to a vacuum source, the sample inlet 
and a vent or gas source. Such a valve may be used to alternately expose the network to vacuum 
and a selected gas source, to replace residual air with the selected gas. Such gas replacement in 
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that are shallow, deep, square, rectangular, concave, or V-shaped, or any other appropriate 
configuration. 

Typically, the detection chambers will be dimensioned to hold from 0.001 M L to 10 nL of 
sample per chamber, and, more preferably between 0.01 M L and 2 fiL. Conveniently, the volume 
of each detection chamber is between about 0.1 M L and 1 M L, to allow visual confirmation that 
the chambers have been filled. For example, a chamber having a volume of 0.2 M L may have 
dimensions of 1 mm x 1 mm x 0.2 mm, where the last dimension is the chamber's depth. 

The sample delivery channels are dimensioned to facilitate rapid delivery of sample to the 
detection chambers, while occupying as little volume as possible. Typical cross-sectional 
dimensions for the channels will range from 5 M m to about 250 M m for both the width and depth. 
Ideally, the path lengths between chambers will be as short as possible to minimize the total channel 
volume. For this purpose (to minimize volume), the network is preferably substantially planar, 
i.e., the channel means and detection chambers in the device intersect a common plane. 

The substrate that defines the sample^listribution network of the invention may be formed 
15 from any solid material that is suitable for conducting analyte detection. Materials which may be 
used will include various plastic polymers and copolymers, such as polypropylenes, polystyrenes, 
polyimides, and polycarbonates. Inorganic materials such as glass and silicon are also useful. 
Silicon is especially advantageous in view of its high thermal conductivity, which facilitates rapid 
heating and cooling of the device if necessary. The substrate may be formed from a single material 
20 or from a plurality of materials. 

The sample-distribution network is formed by any suitable method known in the art. For 
plastic materials, injection molding will generally be suitable to form detection chambers and 
connecting channels having a desired pattern. For silicon, standard etching techniques from the 
semiconductor industry may be used, as described in Sze (1988), for example. 

Typically, the device substrate is prepared from two or more laminated layers, as will be 
discussed below with reference to Figs. 6A-6C to 8. For optical detection, the device will include 
one or more layers which provide an optically transparent window for each detection chamber, 
through which the analyte-specific signal is detected. For this purpose, silica-based glasses, quartz, 
polycarbonate, or an optically transparent plastic layer may be used, for example. Selection of 
the particular window material depends in part on the optical properties of the material. For 
example, in a fluorescence-based assay, the material should have low fluorescence emission at the 
wavelength(s) being measured. The window material should also exhibit minimal light absorption 
for the signal wavelengths of interest. 
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With chemiluminescence detection, where light of a distmctive wavelength is typical.y 
generated without illumination of the sample by an outside light source, the absorptive and 
reflective properties of the substrate will be less important, provided that the substrate provides 
at least one optically transparent window for detecting the signal 
5 Figs. 6A-6C illustrate a specific embody of a device in accordance with the invention. 

1 ! FigS " ^ d6ViCe inC,UdCS ' SamP ' e »* 102 ' ^-ibution 

n«work 104, and vacuum port 106 which is connected to the terminus of network 104 Network 

104 includes a perpendicular array of detection chambers 108 (7 rows x 8 columns) linked to 
sample delivery channel 110 via dead-end fluid connections 112. I.e device further includes 
» veruca, pane, 114 adjacent sample inlet ,02, for attaching an identifying label to the device and 
as an attachment allowing the user to hold the device. 

Ascanbeseen tan Fig. 6 B . » de-ecdon ^ „ ^ ^ ^ 
.be number ofanalyus which can be resred ,„ ^ device . FluW , B ^ 

anL-shaped conflg^io. ^ . „ . ^ « flow ou , „ f ^ 

^JlTt^^**'^*-"*'*-- Although .he horizontal rows' 
of d««c„o„ cha»*«s in Fig, 6A and « are shown as being ^ ^ 

vertcal spring (to ^ fc clari „ „ ^ ^ ^ ^ ^ 

^aj dist*** in bod, tte , mM «, dirKUoils „ 

of the chambers. 7 

20 * F Fi8S ■ J "f 8 '" UMrae '"" > ' **» *> 

-*»*«MB. Fig. 7 shows two substrate,^ ,40 and .42 which c„ be brought togaber 
» fbnn sarnpie^istribution n»wo tl[ ,04 (Fig. «A>. Tn. network is d efine<1 prtaarily „ y 
aye, 140. which con*™ indentions defining , ^ inJet 102 (nM ^ , 
^^UO..^p, edellv ^^ 11 0. a ndd«d^d fluW c„ miect i OI!lI2 Con** 
25 of sublayer 142 „ it h fl.eoppo.in, faeeof u,,, .40 co.np.etes theta*™ of network 10 4 

^ *~ ^ ,H 6 ' ' ^ * — •" 

^■r.Ki.yer.so^M^detoga^^ofd^n^^ 108 . Sobsttale 

layer 152. on theodter hand, contains indent defining sample deH»ery channel . ,0 and dead- 
e^flutd connections. .2. Neavork ,0, can to be formed by contacting th. opposing facM of 
30 the two substrate layers as in Fig. 7. 

Since the device is designed ,o provide , vacuum-tight environ*™ within „. ^ 
- .en™* for sample .oading. and aho » ^ toectio „ 

defined r^cion vo.un.es. i, is desirables ensure tha, the nenvo* «, associated.^ o^ber 
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Further illustration of the invention is provided by the device shown in Fig. 9. Device 160 
includes a network-defining substrate layer 161 and a flat substrate layer 180 for bonding with and 
sealing layer 161. 

Layer 161 includes sample inlet 162 and indentations defining (i) a sample-distribution 
5 network 164 and (ii) vacuum reservoir 166 connected to the terminus of network 164. Network 
164 includes a 2-dimensional perpendicular array of detection chambers 168 (7x7) linked to 
sample delivery channel 170 via dead-end fluid connections 172. The device further includes 
vertical panel 174 adjacent sample inlet 162, as in Figs. 6A-6B. Formation of network 164 is 
completed by contacting the entirety of the upper surface of device 160 with the opposing face of 
10 a layer 180, which is preferably provided in the form of a membrane or thin layer. 

Device 160 in Fig. 9 is distinguished from device 100 in Fig. 6A in that device 160 includes 
a vacuum reservoir 166, instead of a vacuum port, at the terminus of delivery channel 170. In 
addition, sample inlet 162 in device 160 is conveniently adapted to operate in conjunction with inlet 
fitting 190, so that evacuation of the network and sample loading can be effected from a single site 
15 with respect to the network. 

Sample inlet 162 includes a hollow inlet cylinder 176 having an open proximal end 177, which 
connects to network 172, and an open, distal end 178. Cylinder 176 further includes an opening 
179 located near the terminus of the distal end. 

Inlet fitting 190 includes an inlet cap structure 200 and a port structure 210 appended thereto. 
20 Cap structure 200 defines a hollow cylinder 202 having an open, proximal end 204 and a closed, 
distal end 206. The inner diameter of cylinder 202 is dimensioned to form a vacuum-tight seal 
when placed over inlet 162. Port structure 210 defines a vacuum port 212 and a sample port 214. 
Ports 212 and 214 communicate with cylinder 202 via openings 216 and 218, respectively, which 
are formed in the side of cylinder 202. Fitting 190 additionally includes guide structure 220 for 
receiving the adjacent edge of panel 174, to orient and guide fitting 190 when fitting 190 is fitted 
over and slided along inlet 162. 

Exemplary dimensions of a device which has been prepared in accordance with Fig. 9 are 
the following: detection chambers 168, 1.2 mm x 1.2 mm x 0.75 mm; delivery channel 170, 0.25 
mm x 0.25 mm (width x depth); dead-end fluid connection 172, 0.25 mm x 0.25 mm (width x 
depth); external dimensions: 22 cm x 15 cm x 1 mm (dimensions of network-defining portion, 
excluding inlet 162 and panel 174). Preferably, the detection chambers in the microdevice of the 
invention have volumes less than 10 pL, less than 2 pL, and most preferably less than or equal 
to 1 pL. 
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reagents suitable to detect or measure the analyte( S ) of interest. It will be appreciated that more 
than one analyte can be tested for in a single detection chamber, if desired. 

In one embodiment, the analytes are selected-sequence polynucleotides, such as DNA or RNA, 
and the analyte-specifk reagents include sequence-selective reagents for detecting the polynucleo- 
tides. The sequence-selective reagents include at least one binding polymer which is effective to 
selectively bind to a target polynucleotide having a defined sequence. 

The binding polymer can be a conventional polynucleotide, such as DNA or RNA, or any 
suitable analog thereof whichhas the requisite sequence selectivity. For example, binding polymers 
which are analogs of polynucleotides, such as deoxynucleotides with thiophosphodiester linkages, 
and which are capable of base-specific binding to single-stranded or double-stranded target poly- 
nucleotides may be used. Polynucleotide analogs containing uncharged, but stereoisomeric 
methylphosphonate linkages between the deoxyribonucleoside subunits have been reported (Miller 
1979, 1980, 1990, Murakami, Blake, 1985a, 1985b). A variety of analogous uncharged 
phosphoramidate-linked oligonucleotide analogs have also been reported (Froehler). Also, 
deoxyribonucleoside analogs having achiral and uncharged intersubunit linkages (Stirchak) and 
uncharged morpholino-based polymers having achiralintersubunitlinkages have beenreported (U.S. 
Patent No. 5,034,506). Binding polymers known generally as peptide nucleic acids may also be 
used (Buchardt, 1992). The binding polymers may be designed for sequence specific binding to 
a single-stranded target molecule through Watson-Crick base pairing, or sequence-specific binding 
to a double-stranded target polynucleotide through Hoogstein binding sites in the major groove of 
duplex nucleic acid (Kornberg). A variety of other suitable polynucleotide analogs are also known. 

The binding polymers for detecting polynucleotides are typically 10-30 nucleotides in length, 
with the exact length depending on the requirements of the assay, although longer or shorter lengths 
are also contemplated. 

In one embodiment, the analyte-specific reagents include an oligonucleotide primer pair 
suitable for amplifying, by polymerase chain reaction, a target polynucleotide region of the selected 
analyte which is flanked by 3'-sequences complementary to the primer pair. In practicing this 
emb(>diment,mepri m erpairisr^ 

which favor annealing of the primers to complementary regions of opposite strands in the target. 
The reaction mixture is then thermal cycled through several, and typically about 2<W0, rounds of 
primer extension, denaruration, and primer/target sequence annealing, according to well-known 
polymerase chain reaction (PCR) methods (Mullis. Saiki). 

Typically, both primers for each primer pair are pre-loaded in each of the respective detection 
chambers, along with the standard nucleotide triphosphates, or analogs thereof, for primer extension 
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The fluorescer and quencher dyes are spaced Cose enough together ,o ensure adequate 
quenching of the fluorescer, while also being far enough apart to ensure that the polymerase is ab.e 
to cleave the FQ„,ig 0 at a site between the fluorescer and quencher. Generally, spacing of about 
5 to about 30 bases is suitab.e, as generally described in Livak e, al. (1995). Preferab.y, the 
5 fluorescer in the FQ-oligo is covalently linked to a nucleotide base which is 5' with respect to the 
quencher. 

In practicing this approach, the primer pair and FQ-o, igo are reacted with a target 
polynucleotide (double-stranded for this example) under conditions effective to allow sequence- 
^ selective hybridization to the appropriate complementary regions in the target. The primers are 
m ettectwetoinitiateextensionofmeprimersviaDNAr^lymeraseactivity. When the polymerase 
encounters the FQ-probe downstream of the corresponding primer, the polymerase cleaves the FQ- 
probe so that the fluorescer is no longer held ,n proxunity to the quencher. The fluorescence signal 
from the released fluorescer therefore increases, indicating that the target sequence is present 
One advantage of this embodiment is that only a small proportion of the FQ-probe ne*d be 
15 cleaved in order for a measurable signal to be produced. In a furmer embodiment, the detection 
reagents may include two or more FQ^i gos having distinguishable fluorescer dyes attached and 
wh.ch are complementary for different-sequence regions which may be present in the amplified 
region, e.g., due to heterozygosity (Lee, 1993). 

In another embodiment, the detection reagents include first and second oligonucleotides 
20 effects to bind selectively to adjacent, contiguous regions of a target sequence in the selected 
analyte, and which may be ligated covalendy by a ligase enzyme or by chemical means (Whiteley 
1989; Landegren. 1988) (oligonucleotide ligation assay, OLA). In this approach the two 
ohgonucleotides (o.igos) are reacted with the target polynucleotide under conditions effective to 
ensure specific hybridization of the oligopeptides to their target sequences. When the 0 .ig 0 - 
25 nucleotides have base-paired with their target sequences, such that confronting end subunits in the 
ohgos are basepaired with immediately contiguous bases in the target, the two oligos can be joined 
by hgat,on. e.g., by treatment with ligase. After the ligation step, the detection wells are heated 
to dissociate unligated probes, and the presence of ligated, target-bound probe is detected by 
reaction with an intercalating dye or by other means. 
30 The oligos for OLA may also be designed so as to bring together a fluorescer-quencher pair 

as discussed above, leading to a decrease in a fluorescence signal when the analyte sequence is 
present. 

In .he above OLA li e a,i„„ .nahod, u,, co«ion of a region fro,, an analvte 
po.ynucleo.id, can be increased, if „,ce*ary. b, an,p,if,ca,ion wi ft repea.ed hybridiza.ion and 
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In another embodiment, the analyte is an antigen, and the analyte-specific reagents in each 
detection chamber include an antibody specific for a selected analyte-antigen. Detection may be 
by fluorescence detection, agglutination, or other homogeneous assay format. As used herein, 
"antibody" is intended to refer to a monoclonal or polyclonal antibody, an Fc portion of an 
antibody, or any other kind of binding partner having an equivalent function. 

For fluorescence detection, the antibody may be labeled with a fluorescer compound such 
that specific binding of the antibody to the analyte is effective to produce a detectable increase or 
decrease in the compound's fluorescence, to produce a detectable signal (noncompetitive format). 
In an alternative embodiment (competitive format), the detection means includes (i) an unlabeled, 
analyte-specific antibody, and (»i) a fluorescer-labeled ligand which is effective to compete with 
the analyte for specifically binding to the antibody. Binding of the ligand to the antibody is effect- 
ive to increase or decrease the fluorescence signal of the attached fluorescer. Accordingly, the 
measured signal will depend on the amount of ligand that is displaced by analyte from the sample. 
Exemplary fluorescence assay formats which may be adapted for the present invention can be found 
15 in Ullman (1979, 1981) and Yoshida (1980), for example. 

In a related embodiment, when the analyte is an antibody, the analyte-specific detection 
reagents include an antigen for reacting with a selected analyte antibody which may be present in 
the sample. The reagents may be adapted for a competitive or non-competitive type format, 
analogous to the formats discussed above. Alternatively, the analyte-specific reagents include a 
mono- or polyvalent antigen having one or more copies of an epitope which is specifically bound 
by the antibody-analyte, to promote an agglutination reaction which provides the detection signal. 

In yet another embodiment, the selected analytes are enzymes, and the detection reagents 
include enzyme-substrate molecules which are designed to react with specific analyte enzymes in 
the sample, based on the substrate specificities of the enzymes. Accordingly, detection chambers 
in the device each contain a different substrate or substrate combination, for which the analyte 
enzyme(s) may be specific. This embodiment is useful for detecting or measuring one or more 
enzymes which may be present in the sample, or for probing the substrate specificity of a selected 
enzyme. Particularly preferred detection reagents include chromogenic substrates such as 
NAD/NADH, FAD/FADH, and various other reducing dyes, for example, useful for assaying 
hydrogenases, oxidases, and enzymes that generate products which can be assayed by hydrogenases 
and oxidases. For esterase or hydrolase (e.g., glycosidase) detection, chromogenic moieties such 
as nitrophenol may be used, for example. 

In another embodiment, the analytes are drug candidates, and the detection reagents include 
a suitable drug target or an equivalent thereof, to test for binding of the drug candidate to the 
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dichroism, optica, rotation. l<aman scattering, radio*,™*. Md ligh , sca „ ering ^ 
optical signal i s based on fluorescence, chemiluminescence. or lighl absorbs. 

In general, the optical sign* ,o be de.ec.ed will involve absorbs or emission of ligh, having 
'-velengm between about ,80,™^^ More typically 

of detecion apparatus for measuring light having such wavers are w,„ known in the an Z 
w* typically involve the u,.of ligh, fmers. pho,omu„ ipUers , diode-based „ " 
coupled de.ecK.rs (CCD), for example. 

The optical signals produced in the individual deteoion chambers „. y be meas „ tal 
» tetany by iterative, scaling » chambers one « , ^e o, in small groups, o, may be 
measured simultaneously using a detector which interrogates 1, of the deletion chambers contin. 
uously or a, short time intervals. Prefetably, the signals are recorded with the aid „, a computer 
capab e of displaying instantaneously (in real-time) th. signal level i„ ed of th. detection 
chambers, ami also stormg „,, Ume courses of the signals for later analysis 
15 The optical signal in each chamber may b. based on detection of ligh, having one or more 
select wavelen^ms with defied band-.^ ( , ? ., mm±5 ^ ^ 
stgnai ma, be based on th. shape or profue of emined or absorbed Hgh, in a select* waveleng* 
range. PreferaMy, me optica, signal wil, mvolve measurement of l„h, having at leas, two 
dtstmoi elengths „ ori „ „ m£Me „ ^ ^ ^ ^ ^ ^ 

20 ,s used to measure me an^yte, and a second waveleng* is used to verify tha, the chamber is „, 
An aberration or abse^e of the sigmd to r „e s«ond wavelength . an indication tha. me chamber 

ZZT*' ' ^ "" OPerl, " *" d ~ cd - » 

25 m studies conduct in support of th. invention, , deteai0I1 ^ ^ 

fluorescence deletion of urge, polynucleotides i„ a sample using a device in accordance with Ute 
tnventton. Reassembly includes a translation stage for p^tio-Mg the test device. The.es, device 
mcludes „ * 7 array of addressable de.ec.ion chambers containing fluorescent detection reagents 

^^;7'^---»famn g s.enbu,b,or qU amba,ogenbu 1 b,75W ) mumma,i„„ 
source, a CCD camera, and appropriate focusiug/coltoio, optics. The nomination source is 
posted so as to Ulumhnue me device diagonally from above (e.g.. a, an inclination angle of 45 
■ degrees with respect to me illuminated surface). Tne optics include two lenses separated by . 
em.ss.on filter. The ftrs, te conimat* the inking image fo , me emission filter, and me JL 
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for use in the invention operate on a variety of principles. ,„ one. the analyte be.ng measured , S 
.tself capable of interacting with an anaiyte-specific reagent to generate an electrochemical species 
..e.. a species capab.e of function as an electron donor or acceptor when i„ contact with an 
electrode. As an example, reaction of the analyte cholestero. with the reagent cholesterol oxidase 
5 generates the electrochemical species H A which. i„ contact with an electrode, produces a 
measurable current in a circuit containing the electrode. 

T* analyte-specific reagent may be localized on a film separated from the electrode surface 
byapermsdectivelayer that is selectively penneable to the electrochemical species (and other small 
^ components in the sample), ^m^tto^^i,^,^^^ 
« with the corresponding reagent produces an electrochemical species whose presence and amount 
are quantitated by current measurement through the electrode. 

lu^y, -he receptor sites are ffled with a. ana.vte.nzym, m ^ ,„ ±e ^ ' 
ft. con^ are dispiaced fton fc rKepIM ^ ^ ^ ^ m mipm a ^ ^ 

> to deorcde, for pro d„cd„. of trarci,,, .tectxochemica. species (sucb „ ^ „ fc 

cataiase) in the vicinity of the electrode. 

Another genera, type „, biosensor ^ , „ pW ^ ^ a 

eiecrrochernica, species im^sed between , sampie-fluid ^ „ ^ ^ 
. Prided with ion^hanne, prcteins which taction as ion gates tha, can be opened by anaivte 
M« . th. ptoteins. Tnus, binding of anaiyt, ,„ the coannej protein, (which serve as the 
anaiyte-^iflc reagent) ieads ,„ ion „„„ acres *. membrane and detecub,, signa, a, the 
electrode. 6 

Thin-film biosensors of the type mentioned above may be formed in a m.crochip or small- 
substrate format by photolithographic methods, such as described in U.S. Patent, Nos 5 391 250 
5 212050. 5.200.051. and 4.975.175. As app.ied to the present invention, the chamber walls in 
the substrate may serve as the substrate for deposition of the required electrode and fiJm layers 
fa addition to these layers, suitable conductive connectors connecting the electrodes to electrical 
leads are also laid down. 

- -troduced into the device, the multiple sample analytes are *en separately measured in the 
chambers, with the results being reported to a processing unit to which the device is electrically 
connected. J 
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Patent 5,164,055, and Menchen et aJ., U.S. Patent 5,290,418), to segregate the chambers from 
each other, or with a reagent-containing solution which facilitates the assay. 

In a particularly advantageous embodiment of the invention, a iarge-volume syringe can be 
used to generate a vacuum inside the sample distribution network of the device prior to loading 
By "large-volume" is meant that the volume of the syringe is greater than the total internal volume 
of the dev.ce (i.e.. of the sample distribution network). Preferably, the volume of the syringe is 
at least 20-fold greater than the interior volume of the device. With reference to the device in Fig 
9, the inlet-tip of the syringe is connected to vacuum port 212. When opening 216 is aligned with 
opening 179, the syringe is used to draw air from the interior of the device, thereby lowering the 

internal nrocrnra ITs-i. l . • r 

„._. . .. s^c, , r a syringe with a volume of 50 mL is used, and the internal 

volume of the device is 100 iiL, the pressure in the sample distribution network can be reduced 
by a factor of 500 (= 0.1 mL/50 mL). Tn US , an initial interna, pressure of 760 torr can be 
reduced to less than 2 torr. With reference to the device in Fig. 6A, the syringe can be connected 
to fittmg 106 or 102 using appropriate connections, to withdraw air from the distribution network 
Accordingly, the present invention includes a kit comprising (i) a device as described above 
and (.,) a syringe for drawing air from the interior of the device. The invention also includes a 
method of using the kit to detect one or more analytes in a sample, as described above It will 
be appreciated that using a syringe greatly simplifies the step of creating a vacuum inside the 
dev.ce, so that the device can be used quickly or immediately without needing a mechanical 
20 vacuum pump. 
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V. Utility 

The present invention can be used in a wide variety of applications. The invention can be 
used for medical or veterinary purposes, such as detecting pathogens, diagnosing or monuoring 
d-sease. genetic screening, determining antibody or antigen titers, detecting and monitoring 
changes m health, and monitoring drug therapy. The invention is also useful in a wide variety of 
forensic, environmental, and industrial applications, including screening drug candidates 'for 
activity. 

More generally, the present invention provides a convenient method for simultaneous assay 
of multiple analytes in a sample. The invention is highly flexible in its applications, being 
adaptable to ana.ysis of a wide variety of analytes and sample materials. By providing pre- 
d.spensed, analyte-specifk reagents in separate detection chambers, the invention eliminates the 
need for complicated and time-consuming reagent preparation. 

Practice of the invention is further simplified since the detection chambers can be loaded via 
a single sample inlet. The use of umformly sized detection chambers renders the device self- 
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10x "TAQMAN" buffer A: 

500 mM KCI, 100 mM Tris-HCI, 0. 1 M EDTA 600 „m p „ 

a -i - t 1 A ' 600 nM Passive Reference 1 (ROX) nH 

8.3 at room temperature, autoclaved )f P 

MgCl 2 : 



5 



20 mM MgCI, in autoclaved deforced ultrafiltered 



water 



A description of the sequences of the forward Drimor ,h„ 

- describes d,e ^ steps of fc "TAQMAN" Z ZZXT T 
»» primers were erTeciv, ,o produce . 2 „ ^ rcR * - 

A fla, ,„b sl , ate lay „ ,„„ a s _ 

Handard injecrion-moldin, ^ (!ubsmte ' 7 ■»*•*—. by 

vol™, of „cb de.ec.ion cnamber J, , ~ l61> M ^ *" — ^ >«* * 
De.ec.ion chambers were loJde(| w|16 

aid fluonscnt probe as follows To „ ~, , °" < "™1 P™er. reverse primer, 

.« , . as,0,,0 "' s - to a polypropylene tube was added 0 5 mL aai „, . . 

>' f»™a,d pnmer so«o„. reverse prime, solurio., aod fluoresce,, probe ° 

primer/probe stock aetata volume of , 5 mL This so, , " *°* 

~y, ^.chambers ^ll,'. ~* 

S o«o„, wid, „ (I4 „. primer/probe sMct ; — o,pr ^ 

20 a detection chamber of 15 nM nf k • «J"'vaJent to a final concentration in 

a M concen.ra.ion of ,5 k ' r " >r< " ,e "* M "" iM) ^ 

»™^J^Z^?.Zr m '' tmmm ~~ 

«* primer and ,00 „M of fluoresce., nrone t! »»«nr,a.,on of ,50 „M of 

* cbambers responded » ,*0 71 " "™" °' - "* - *~ 

<-*-. for „ „ 5 , ^ i^tL,: : ~:,~ r suMard reac °™ 

T pa.em in sub™ iayer , 61 wje IZ^^ZZT ' 
intervening empty chamber. separated by an 

After the loaded chambers were allowed to a ir^™ . a 

• '»-*• — — n.- .«.«. jx^txr?- ■* 

port opening 216 The samnl* »■ ^ W,th vacuum 

~f appro™" 1 ^ " ' ^ ^ " ' ™ ^ 
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background for ,he chambers w.,ch did „„, comain „. anin prim „ „„ probe in<|jcaIing ^ 
was no c,oss-comami„aii„„ between detecion chambers afle , 40 hM1/c00l cyc|es 

Tne high*, ftal fluorescence signals were obauled in , e , Klio „ ^ ^ ^ 

amount of primers a* probe, wilh ^ ^ ^ ^ 

chambers also showed deteoable signals after cycle 23. bu, me final fluoresce „ ce ^ was 
a, *h as ma, for th, ,0, wells (due ,„ lower probe „«„„, ^ Me _ 

read,,, detected using primer „, probe concentrations eoua, ,o ,„ and 1/2 of those used under 
ordinary conditions, ^ [esnl[s ^ ^ ^ ^ 

successfully dissolved i„ the sample after sample loading. 

A.thou.u th, invention has been described by way of illusion and example for purposes 

d«pan,n g from the ,nv,„,i„„. Al , referaices cjte(j ^ _ ^ 
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8. ^ dev,c, of eta ,. wheren, S1M deKC[ , 0 „ ^ 

wid, each de.ec.ion tober , ^ wMch juch ^ 

9. The device „r daim ,. whereln ^ w „„,,,„, 

5 dcecon ,a*r S each ^ ^ fc ^ dweten[ J- 

10 The device of ciain, 9, wherein 0,, ^.-specific d«ecU„„ reagems ^ „„, 

c^ar, of a seieced p„ lvlMclMtMe ^ Kpnem for < ~ 

by pnmer-immted polymerase chain reaction. " ep " em 

fluore^ueocher oK^Ceorid, capahie of hvbtidi2i „ g „ fc * * ^ 

mes^anaiy.e.foro.iso^^e,,^^^^^^ 8 S ^»" 
~ *«*-*"-• which are effective^ „ ad*.,,, congous re«o ffi coapiern^ 

po yn*r effecve . hybndue „ a S el«,ed ^ i„ rhepo^ieoride 



25- 



.5 The device of cWn, ,, wherei „ fc 
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24. The method of claim 21 wherei 
each detection chamber, for providing T^^T A " Channel 

detection chamber. 8 ^ ^ COnnectio « between said inlet and each 

25. The method of claim 21 whp • 

Wl « « ™»» » »e vac™ ,*,„. 

26. The method of claim 25 whe ' 

28. The method of claim 21 wherein th* , . 

« ^ :it r* " e po, ~ k ' - - - « - 
^ ^ o " r ^ for ' i »-^di ffe « KPO , ynucle<)llde 

29. The method of claim 28 wherein the 
— * sequences „JL^ ~* - MfmeM which fc 

30. The method of claim 29 wherein ■ 

20 is present in the sample. fluorescent signal when the analyte 

31. Themetbod of claim 28 wherein the 
second oligonucleotides effective 'to bind to .J!!?^'^^^ 1 *"* 

^^^-'^ 

- 32 ^"ethodofciaimai.whereintheanalyte-specificd. ■ 

adjacent, conuguous regions complementary 
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